Detection of nucleotide- and F-actin-induced movements in the switch II helix of the skeletal myosin using its differential oxidative cleavage mediated by an iron-EDTA complex disulfide-linked to the strong actin binding site.
We have synthesized the mixed disulfide, S-(2-nitro-5-thiobenzoic acid) cysteaminyl-EDTA, using a rapid procedure and water-soluble chemistry. Its disulfide-thiol exchange reaction with rabbit myosin subfragment-1 (S-1), analyzed by spectrophotometry, ATPase assays, and peptide mapping, led to the incorporation of the cysteaminyl-EDTA group into only Cys 540 on the heavy chain and into the unique cysteine on the alkali light chains. The former thiol, residing in the strong actin binding site, reacted at a much faster rate with a concomitant 3-fold decrease in the V(max) for acto-S-1 ATPase but without change in the essential enzymatic functions of S-1. Upon chelation of Fe(3+) ions to the Cys 540-bound EDTA and incubation of the S-1 derivative-Fe complex with ascorbic acid at pH 7.5, the 95 kDa heavy chain underwent a conformation-dependent, single-cut oxidative fragmentation within 5-15 A of Cys 540. Three pairs of fragments were formed which, after specific fluorescent labeling and SDS-PAGE, could be positioned along the heavy chain sequence as 68 kDa-26 kDa, 62 kDa-32 kDa, and 54 kDa-40 kDa. Densitometric measurements revealed that the yield of the 54 kDa-40 kDa pair of bands, but not that for the two other pairs, was very sensitive to S-1 binding to nucleotides or phosphate analogues as well as to F-actin. In binary complexes, all the former ligands specifically lowered the yield to 40% of S-1 alone, roughly in the following order: ADP = AMP-PNP > ATP = ADP.AlF(4) > ADP.BeF(x)() > PP(i). By contrast, rigor binding to F-actin increased the yield to 130%. In the ternary acto-S-1-ADP complex, the yield was again reduced to 80%, and it fell to 25% in acto-S-1-ADP.AlF(4), the putative transition state analogue complex of the acto-S-1 ATPase. These different quantitative changes reflect distinct ligand-induced conformations of the secondary structure element whose scission generates the 54 kDa-40 kDa species. According to the S-1 crystal structure, this element could be unambiguously assigned to the switch II helix (residues 475-507) whose N-terminus lies 14.2 A from Cys 540 and would include the ligand-responsive cleavage site. This motif is thought to be crucial for the transmission of sub-nanometer structural changes at the ATPase site to both the actin site and the lever arm domain during energy transduction. Our study illustrates this novel, actin site-specific chemical proteolysis of S-1 as a direct probe of the switch II helix conformational transitions in solution most likely associated with the skeletal cross-bridge cycle.